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Introduction
Antibiotic resistance is a global problem. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] The issue has always been a major concern, but now it has probably become more pressing than ever before. Many factors are complexly related to the issue in multiple dimensions. There are many theories concerning the genesis of the phenomenon, including gross lack of awareness, inaction, 16 excess use of antibiotics in the field of agriculture or aquaculture, 11 emergence of new mechanisms, [17] [18] [19] [20] etc. Though many opinions exist about how this danger, which is described as a global pandemic 12 or a worldwide calamity 1 came into existence, it is not difficult to reach a universal consensus on the grave consequences that awaits the whole human race, caused by this single reason. Developing world is not exempted, rather more in the danger. 5, 15, 21 Bangladesh is also right in the middle of this great calamity and is seeing the rise in resistant strains of several bacteria. [22] [23] [24] [25] It is noteworthy, that the causes of antibiotic resistance are often postulated to be its misuse and abuse. 15, 24, 26 Bangladesh has become a major field of antibiotic misuse and abuse. [26] [27] [28] [29] [30] Very sadly, this prevalent malpractice of abusing antibiotics in Bangladesh contributes to add complexity to the danger which may prove to be possibly the greatest threat humans have ever faced. There is much scarcity of medical literature in Bangladesh, on the antibiotic sensitivity pattern and prevalent microorganisms. Moreover, antibiotic sensitivity pattern changes over time and place. [31] [32] [33] [34] [35] [36] Which is why it is an imperative, especially in today's age of antibiotic resistance, to continuously monitor and survey the prevalence of different microorganisms, antibiotic sensitivity pattern and resistance pattern. Again, most of the studies done in Bangladesh, concentrate on a single disease, pathogen, or specimen. [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] But, a single organism can cause different types of infection, at different sites and can cause different diseases. For example, E. coli can cause gastroenteritis, sepsis, UTI, even meningitis. So to get a clearer, broader picture of the prevalent microorganisms and the antibiotic sensitivity pattern, multiple types of specimen should be analyzed together. This study attempts to see the prevalent microorganisms and the antibiotic sensitivity pattern in multiple types of specimens collected from Dhaka Medical College Hospital. This study also attempts to establish a way of presentation of the relevant findings which can be used in future to ensure easy comparability and contrasting of findings.
Materials and methods

Sampling technique
The specimens were collected from the adult patients (age >12 years) admitted in the Internal Medicine ward of Dhaka Medical College Hospital, Dhaka, over a period of 6 months. The sampling technique was consecutive sampling method. Specimens which were culture positive, were only included in the study for analysis. Multiple specimens were taken: Method of blood specimen collection Sample of blood was collected from the patient after cleaning the venipuncture site with povidone iodine and 70% alcohol. Two to three (2-3) ml of blood was collected aseptically by a gloved hand using a sterile disposable syringe.
Method of urine specimen collection
Local disinfection of the meatus and adjacent mucosa was done with a non-foaming antiseptic solution; this region then was dried with a sterile swab to avoid mixture of the antiseptic with urine. Contact of the urinary stream with the mucosa was minimized by spreading the labia in females and by pulling back the foreskin in uncircumcised males. The first voided specimen was discarded since the initial urine flushes urethral contaminants. The second, midstream sample was sent to the laboratory.
Method of stool specimen collection Stool was collected with all aseptic precautions
Method of pus specimen collection Aspirated material was sent to laboratory in suitable containers.
Method of wound swab specimen collection
The specimen was obtained prior to any dressing or cleaning procedure of the wound. This allowed maximized material obtained and prevented killing of the organism by the use of antiseptics. A sterile swab was used and gently rotated on the area to collect exudate from the wound and then placed into transport medium.
Where there was pus, it was collected as much as possible in a sterile syringe or sterile container and send to the laboratory.
Method of high vaginal swab specimen collection
The patient's labia were open apart with the help of speculum and swab was placed high inside the vaginal canal. The swab specimen was then taken off into the transport tube.
Method of blood culture
The blood was inoculated in the fan bottle and will be incubated at 37 o C, aerobically in automated blood culture machine (BACTEC). Sub-culture was done on second day on MacConkey's agar, blood agar, and chocolate agar media and was incubated at 37 o C. Growth of bacterial colony was observed, the bacteria was identified by colony morphology and relevant biochemical tests.
Method of sputum culture
Sputum was examined in the clinical microbiology laboratory by a direct Gram stain of the specimen and by culture at 35°C on the following media: (i) 5% sheep blood agar (SBA) and 5% chocolate agar in 5% CO2 in air; (ii) 5% SBA under anaerobic condition; and (iii) MacConkey medium in air. 53 
Method of urine culture
The collected urine specimen was inoculated on MacConkey's and Blood Agar media using calibrated platinum loop following standard bacteriological technique and incubated at 37 o C for 24-48 hours. After 24 to 48 hours the plate were examined for bacteria. Pure bacterial colony counting 100,000 or more was considered as significant and was subjected to identification based on colony characteristics and biochemical tests.
Method of pus, wound swab, high vaginal swab culture
The collected specimens were inoculated in suitable media, preferably MacConkey's and Blood agar media following standard bacteriological technique and incubated at 37 o C for 24-48 hours. After 24 to 48 hours the plate were examined for bacteria. Pure bacterial colony counting 100,000 or more was considered as significant and was subjected to identification based on colony characteristics and biochemical tests.
Method of antibiotic susceptibility testing
The antibiotic susceptibility of the isolated bacteria was done by modified Kirby-Bauer technique (Bauer, 1996) by disc diffusion method. 54 
Statistical analysis
After collection of information, these data were analyzed using Statistical Package for Social Sciences (SPSS), version 23 (International Business Machines Corporation, IBM, USA). Descriptive statistics were derived. The results are presented by text, tables and charts and graphs here.
Result
Specimens collected from a total of 110 patients were included in the study. Age and sex distribution of the patients are shown in Figure  1and Figure 2. Most of the patients were female (59.09%), the age distribution resembles a normal distribution ( Figure 2 ).
Among the specimens collected (Table 1) , most common specimen was urine (80.9%) followed by blood (6.4%). The microorganisms isolated are shown in Table- III. Most frequently isolated microorganism was E. coli (48.2%), followed by Klebsiella (17.3%). The microorganisms isolated in different specimens are shown in Table- IV. Again, most frequently encountered microorganism is E. coli, in urine. In blood, E. coli, and Salmonella typhi both equally were the most frequent microorganisms. Total 110 100.0 Table- The sensitivity and resistance pattern of different microorganisms to different antibiotics are shown in Table-V. Enterococci were 100% sensitive to piperacillin+tazobactum combination, tigecycline, nitrofurantoin and linezolid and 100% resistant to cefoxitin, cefixime, and moxifloxacin, azithromycin.
S. aureus was 100% sensitive to amikacin, moxifloxacin, imipenem, meropenem, piperacillin+tazobactum combination, vancomycin, doxycycline, tetracycline, tigecycline, nitrofurantoin, azactum, linezolid and 100% resistant to cefixime.
Enterobacter was 100% sensitive to penicillin, amikacin, gentamicin, netilmicin, doxycycline, tetracycline, tigecycline and 100% resistant to cefixime, ceftazidime, ceftriaxone, cefepime, cotrimoxazole, levofloxacin, vancomycin.
E. coli was 100% sensitive to imipenem, meropenem, vancomycin, tigecycline and 100% resistant to mecillinam, aztreonam.
Klebsiella was 100% sensitive to flucloxacillin, collwastin, vancomycin, tigecycline, linezolid and 100% resistant to nalidixic acid. 
Discussion
In our study, Enterococci were 100% sensitive to piperacillin+tazobactum combination, tigecycline, nitrofurantoin and linezolid and 100% resistant to cefoxitin, cefixime, and moxifloxacin, azithromycin. Ahmed et.al. conducted a study to see the aerobic bacterial pattern in puerperal sepsis and found that all the isolates of Enterococcus were sensitive to amoxicillin and cephalexin. 55 S. aureus was 100% sensitive to amikacin, moxifloxacin, imipenem, meropenem, piperacillin+tazobactum combination, vancomycin, doxycycline, tetracycline, tigecycline, nitrofurantoin, azactum, linezolid and 100% resistant to cefixime. Khan et.al. conducted a study to see prevalence of multidrug resistant Staphylococcus aureus isolates in clinical specimens collected from local patients of Chittagong, Bangladesh, and found that the rate of resistance against ampicillin, cephradine, gentamicin and ciprofloxacin were 92.1%, 60%, 58.1% and 59.35%, respectively. 56 Shahidullah et.al. found in a study to see the antibiotic sensitivity pattern of bacterial isolates from different clinical specimens at NICVD, Dhaka and found that Staphylococcus aureus was sensitive to only imipenem and cephalexin. 40 Sultanan et.al. conducted a study to see the current microbial isolates from wound swab and their susceptibility pattern in a private medical college hospital in Dhaka city and found that Staphylococcus aureus was sensitive to linezolid (94.38%), fusidic acid (91.01%), vancomycin (87.64%), amikacin (74.15%) and gentamicin (73.03%). 48 In our study, Enterobacter was 100% sensitive to penicillin, amikacin, gentamicin, netilmicin, doxycycline, tetracycline, tigecycline and 100% resistant to cefixime, ceftazidime, ceftriaxone, cefepime, cotrimoxazole, levofloxacin, vancomycin.
In our study, E. coli was 100% sensitive to imipenem, meropenem, vancomycin, tigecycline and 100% resistant to mecillinam, aztreonam. Kabir et.al. reported that enterotoxigenic E. coli were 100% sensitive to ceftriaxone, nitrofurantioin, amikacin, 94% sensitive to nalidixic acid, 89% sensitive to gentamycin, 83% sensitive to ciprofloxacin, 79% sensitive to cephalexin, 39% sensitive to amoxycillin, 46% sensitive to tetracycline and 31% sensitive to cotrimoxazole. 57 Begum et.al. analyzed 16,666 urine samples to see the trend of sensitivity pattern of uropathogenic Escherichia coli at Uttara Adhunik Medical College Hospital, in Dhaka. 58 They found that A total number of 16, 666 reports of urine samples were collected from the microbiology laboratory data base of which 3,000(18%) reports showed presence of E. coli. E. coli were mostly susceptible to meropenem from the year 2008 to 2012 (100%) except 2010 (98.58%) followed by amikacin (81.20%-100%) and imipenem (78.66%-100%). Gradual decrease of susceptibility pattern of mecillinam was found. 58 In our study, Klebsiella was 100% sensitive to flucloxacillin, colistin, vancomycin, tigecycline, linezolid and 100% resistant to nalidixic acid. Begum et.al. found in their study with neonatal sepsis patients, in NICU of BIRDEM, that Ampicillin and Gentamicin were 100% resistant to Klebsiella third generation cephalosporin was also resistant to Klebsiella. Imipenem and meropenem were highly sensitive to all organisms. 59 In our study, Proteus was 100% sensitive to cephradine, cefoxitin, cefixime, ceftazidime, ceftriaxone, cefepime, cotrimoxazole, amikacin, ciprofloxacin, imipenem, meropenem, netilmicin, piperacillin+tazobactum combination, tetracycline, tigecycline, azithromycin, azactum and 100% resistant to doxycycline, tetracycline, chloramphenicol and cefuroxime.
In our study, Pseudomonas was 100% sensitive only to amikacin, netilmicin, and 100% resistant to cefixime, ceftazidime, ceftriaxone, cefepime, cotrimoxazole, gentamicin, ciprofloxacin, levofloxacin, imipenem, meropenem, doxycline, tetracycline, chloramphenicol. Ahmed et.al. conducted a study to see microbiological quality of street vended drinking water in Dhaka city and antibiotics resistance of isolated Salmonella spp and Pseudomonas spp. 60 They found out that the Pseudomonas isolates showed a significant drug resistance to penicillin (100%), ampicillin (95%), amoxicillin (95%) and nalidixic acid (85%). 60 Shahriar and Akter conducted a study to determine antimicrobial sensitivity of Pseudomonas aeruginosa isolated from clinical sources from different diagnostic centers, Dhaka, Bangladesh. 61 They found very low sensitivity of P. aeruginosa towards cotrimoxazole (45%), azithromycin (30%) and erythromycin (35%) was observed. Higher sensitivity pattern was observed for cefuroxime (57.5%). and only imipenem (100%) showed sensitivity pattern possibly susceptible enough to consider for the management of P. aeruginosa induced cases in the area under study. 61 Shahidullah et.al., in their study to see the antibiotic sensitivity pattern of bacterial isolates from different clinical specimens at NICVD, Dhaka found that Pseudomonas species was resistant to penicillin, amoxycillin and vancomycin and ~50% resistant to cotrimoxazole, cefuroxim, ceftriaxone, piperacillin, azythromycin, cephalexin, netelmycin and pfloxacillin. 40 In our study, Salmonella typhi was 100% sensitive to amoxicillin, cefoxitin, cefixime, ceftriaxone, cefepime, cotrimoxazole, amikacin, netilmicin, azithromycin, chloramphenicol, azactum and 100% resistant to cephradine, doxycycline, tetracycline, nalidixic acid. Ahmed et.al., in their study to see conducted a study to see microbiological quality of street vended drinking water in Dhaka city and antibiotics resistance of isolated Salmonella spp and Pseudomonas spp, reported 100% of the Salmonella isolates were found resistant to penicillin. chloramphenicol, doxycycline, gentamycin, neomycin was sensitive to all of the isolates. 60 Kawser et.al., in their study to see sensitivity pattern of azithrymycin, ofloxacin and ceftriaxone in ciprofloxacin resistant salmonella causing enteric fever, found that all ciprofloxacinresistant isolates were sensitive to ofloxacin (inhibitory zone diamater 16-32mm), ceftriaxone (inhibitory zone diameter 21mm), 66.66 % isolates were sensitive to azithromycin. These results indicate that ofloxacin and ceflriaxone may be convenient alternative antimicrobial agents for Salmonella isolates. 62 Nesa et.al. in their study to see the isolation, identification and characterization of Salmonella serovars from diarrhoeic stool samples of human The antimicrobial susceptibility testing showed that the isolated Salmonella serovars were highly sensitive to ciprofloxacin and moderately sensitive to chloramphenicol, kanamycin, cotrimoxazol and nalidixic acid. However, the positive isolates were resistant to erythromycin. 63 Rahman 65 In our study, Acinetobacter was 100% sensitive to penicillin, cefuroxime, colistin, piperacillin+tazobactum combination, tigecycline, chloramphenicol and 100% resistant to cefixime, nalidixic acid. Citrobacter freundii was 100% sensitive to ceftazidime, ceftriaxone, cotrimoxazole, amikacin, gentamicin, ciprofloxacin, levofloxacin, imipenem, meropenem, netilmicin, nalidixic acid and 100% resistant to ampicillin, cefixime, nitrofurantoin.
After the above discussion, and thorough review of the literature, it is evident that although some studies have been done in Bangladesh, the studies often have focused on a single pathogen, disease or body site. [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] Moreover, modes and methods of presentation are so diverse, that it is very difficult to compare results of many studies. This article shows a comprehensive way of reporting both sensitivity and resistance of all organisms, in multiple specimens, and maybe useful for future research work to act like a template. In practice, we see more and more cases of resistance to broad spectrum antibiotics.
Recommendations
We thus propose following recommendations:
1. It should be routine practice to investigate the sensitivity pattern before prescribing antibiotics, and not to use broad spectrum antibiotics blindly.
2. To understand the always changing pattern of antibiotic sensitivity and resistance, studies should be conducted at regular intervals, and preferably should not be restricted to single specimen/bacterium species/body site.
3. Researchers should adopt a universal way of presentation of the findings to ensure easy comparability and understanding of findings.
4. The best approach should be to ensure all positive culture results be digitized and recorded at national level, so that prevalent bacteria, their susceptibility and resistance pattern for every locality can be known and decisions can be drawn to choose antimicrobial agents more wisely.
5. Doctors should be encouraged to order culture investigations before every prescription of antibiotics, and awareness should be raised among the patients and in the community about the need of this.
Conclusion
More and more antibiotics are becoming ineffective due to emergence of resistance. Serious actions should be taken. Awareness should be raised from the policy maker level to the physicians and patients.
